In the following paper, we illustrate the proposed inter basin water transfer in India and attempt to do an ex ante analysis of the sharing of the transferred water between the donor and the recipient states. The paper identifies that one of the possible ways of water allocation could be market based, where through a commercial agreement water scarce states that receives transferred water pay the donor state a certain amount. Our results also indicate that such price based water transfer could lead to a most inefficient outcome .The donor states could charge a much higher price and the buyer would buy less amount of water. It would create large deadweight loss in the social welfare. The loss could increase further if there are many states in the middle between the donor and the ultimate beneficiary state.
Introduction:
India is no exception to the general global trend of rising demand for freshwater.
In many regions of India, the amount of water available is already very limited. The gap between freshwater supply and demand in India may widen further in the coming century as a result of increasing consumption of water by a growing Indian population. However, the growing concern in India is about the spatial variation in water availability (see Appendix Table 1 ).
The spatial variations at river basin level, studied by Amarasinghe et. al (2005) ,
shows that the Ganga-Brahmaputra-Meghna River Basins, which cover one-third of the total land area in India (Figure 1 ), are home to 44 percent of India's population, but drain more than 60 percent of the country's water resources. In contrast, the Peninsular River Basins, which cover 16 percent of the land area, have 17 percent of the population and drain only 6 percent of India's water resources (Amarasinghe et. al 2005) .
(Insert Figure1)
As a consequence, severe regional water scarcity emerges in Peninsular India despite higher water availability in other parts of the country. Currently, India is planning to develop a national water grid as part of the National River Linking Project, and divert surplus water resources of the Himalayan Rivers to the water deficient Peninsular River basin. The notion of the linking of the rivers in the Subcontinent is an old one. In the 19th
Century, Sir Arthur Cotton had thought of a plan to link rivers in southern India for inland navigation. Though partially implemented, the idea was later abandoned. The proposal now has being taken up by India's National Water Development Agency (NWDA). NWDA has identified 30 links classified into Himalayan and Peninsular links.
The Himalayan component consists of 14 links that involves transfers of 33 billion cubic meters of water from the Ganges-Brahmaputra-Meghna basins. The Peninsular component consists of 16 links which involves mainly the transfers from Mahanadi, Godavari, Krishna, Pennar, Cauvery river basin (NWDA, 2006) . Amongst the Peninsular component, Mahanadi and Godavari has been considered as the sizeable surpluses, and it is proposed to transfer the surpluses of Mahanadi and Godavari river water to Krishna, Pennar and Cauvery river basins.
Creating new sources to augment water supply not only requires large investments but also effective institutions for allocating water (Bhaduri and Barbier 2008) . River linking in such setting requires cooperation and coordination between the different states sharing the water. As rivers do not follow state boundaries in the federal democratic country, constructing an efficient water allocation mechanism is essential to avoid any inter state water disputes (Richards and Singh 2002, Bandopadhay and Parveen 2003) . Many policy makers argue that interlinking of rivers would multiply the intensity of conflicts between states (Iyer 2003) . Some of the states have already voiced their concern against the river linking proposals 1 .
1 The states traversed under some of the prominent Peninsular Links area are shown in Appendix Table 2 . Kerala, Bihar, West Bengal, Assam, Punjab, Chhattisgarh, and Goa have opposed the riverlinking proposition. Gujarat, Karnataka, Andhra Pradesh, Orissa, and Maharashtra have only given a conditional agreement; that is, they have agreed to links where they would receive water but are opposed to those links where they would donate the water (Bandopadhay and Parveen 2003).
The following paper analyzes the economic impact of allocating river water among states in India if the inter-linking of rivers project takes place. There are several ways in which transferred water can be allocated to meet the demand of the water scarce states. The approach considered here is a market-based water transfer, where through a contractural agreement the state that receives water makes a payment to the donor state.
Following Bhaduri and Barbier (2008) , a general framework of a market-based water transfer model is developed for inter-linked river, where a water deficient state has the option to buy more water to meet its excess demand from a water surplus state. In addition to mitigating the water scarcity problem, a market based water transfer may also provide an incentive for an efficient water use within the states. This modelling approach and application differs from Bhaduri and Barbier (2008) in some crucial respects. First, we have applied the international river allocation modelling framework of Bhaduri and Barbier (2008) in the context of interstate river of a country. Second, Bhaduri and Barbier (2008) showed how water allocation between an upstream and downstream country is influenced if latter country has an outside option to buy water from a third country.
However, in this paper we allow the possibility of direct water trade between upstream and downstream states in a country. Moreover, we extend the framework to three players (head, middle and tail) which gives scope to generalize some of the results, and apply in the context of water sharing among multiple players.
In the model, we determine the optimal share of water diversion between upstream and downstream states with the provision of the downstream states to buy surplus water from upstream. The state's decision regarding the amount of water to buy depends on the price of water and its relative availability. Given the reaction function of the buyer, the donor state chooses the optimal price of water. Thus we will be able to investigate the conditions, which can induce the water deficient states to buy water at a given price. We employ the model to explore the hypothesis whether market based water transfer could lead to an optimal allocation of resources in the setting of inter basin water transfer.
We also address how water allocation between states in India will be different in a situation where a state cares about the welfare of other states. Many states care about the welfare of the other states and settle water allocation disputes among themselves. For instance, the dispute regarding the sharing of the Yamuna River among the states of Delhi, Haryana and Uttar Pradesh was resolved through consensual approach by conferences involving Chief Ministers of the states. In another case, Andhra Pradesh has agreed to supply Krishna River water to a reservoir in Tamil Nadu to meet its urban water demand.
In such cases, the decision on water allocation between the states will be similar to that of a social planner managing the whole river basin, and thus leading to an efficient water allocation. However, in many cases cooperative outcome may not be self enforcing by states, for instance, one of the larger disputes on interstate water dispute between Karnataka and Tamil Nadu over the waters of the Cauvery still rages on. A study conducted by Anand (2004) on Cauvery water dispute shows that the intensity of water dispute is higher when there is asymmetry in the political powers of the states. The resolution of water disputes also depend on political power relationship between the conflicting parties.Thus, political relationship and the altruistic concerns of the donor and the recipient states might be related and play a vital role in water allocation. We extend the basic water-transfer model by allowing altruism between states.
We assume such altruism between states is determined by their political relationship. The paper explores different scenarios of political relationship and the corresponding altruistic concerns under which the states would allocate water after the river-linking project takes place. We consider the situations where cooperation between the states is possible, as well as situations of pure conflict when the allocation of water rights is at stake. The degree of power asymmetry, which relates to political relationship between the states, is an important element to understand whether a cooperative outcome will emerge or not.
The paper illustrates the case of water allocation between head, middle and tail statesOrissa, Andhra Pradesh and Tamil Nadu respectively in the case of river linking. We discuss the outcome if there is no cooperation among states compared to a situation when water is allocated as planned by a social planner.
In case of hostile political relationship between the states, donor state could unilaterally divert water and result in an inefficient of water allocation. In such instances, intervention of the central autonomous authority can act as a threat point in water allocation decisions of the states. We design a mechanism, which could prevent the states to deviate in the case of hostile political situation and make the agreement of water sharing sustaining in the long run.
The remainder of the paper is structured as follows. In the next section, we develop a general model of interstate water allocation. In the third section, we derive the optimal allocation of water in the setting of market based water transfer. The fourth section describes the water sharing model with the help of a simple altruism model determined by political relationship. Finally, the conclusion summarizes the main findings and results of the paper.
A Model of Interstate Water Sharing with River Linking
We consider first the case of allocating of river water between three states of a country. Suppose the river basins X, Y and Z are located in the states A, B and C respectively (see Figure 2 ). [Insert Figure 2 ]
The cost function of withdrawing water from the river and for distribution is Payoff functions of states j (j=A,B,C) is represented as
Prior to river basin linkage, each state maximizes the benefit function with respect to the water availability. As in State A water availability is sufficient to meet the water demand, it would withdraw water to meet their optimal water consumption needs. State A's benefit will be maximized when the net marginal benefit of water consumption
, is equal to zero. The solution to the maximization problem
where the optimal amount of water usage by the state A depends on the price of agricultural good, p A , and usage of other inputs for agriculture.
As we have assumed, the freshwater availability in the states B and C are limited, the water consumption in these two states would be determined by the water constraint.
If the water availability constraint is non binding, then the solution to the problem would
Measuring the ex ante amount of water needed for water deficient state j( j=B, C)to approximate the maximized profit when there is no scarcity of water, the excess demand of water to attain the profit maximizing optimum can be represented by
where i=Y and X. There are several ways in which water can be transferred to meet the water demand of the water scarce states. Transfer of water from one basin to another can be achieved either through a commercial agreement by which the state that receives water pays the donor state a certain amount or a mutual consent arising from good political relationship between the states.
In the next section, a market-based water transfer model is formulated to determine the optimal amount of water transfer where a state has the opportunity to buy water from the relative water abundant state.
Market Based Water Transfer to the Water Scarce States
In this section, we formulate a game theoretic model where we determine the optimal amount of water transfer. In the model, the water scarce states have the "outside option" to buy water from the other states. State A is a water abundant state and can transfer water directly to state B, but due to local geography, water cannot be further transferred to state C directly from state A. It can only be transferred indirectly through state B. In that case where state B has the opportunity sell water to state C after buying water from state A.
Direct transfer of water entails a high cost, which may include building storage dams, canals or pipelines.
The cost of transferring water, j T , can be expressed as ) (
In the above expression (5) T is the fixed cost of water supply and ) (D t is the variable cost of water transfer. We also assume the marginal cost of water transfer,
increasing. If state j (j=A, B) sets a price, j r , for each unit of water transferred to state k , the payoff function of state A and B is represented by State C ' s payoff can be represented as
The sequence of the state's move is as follows . The problem can be expressed as
After observing the price
The first order condition of the above problem can be expressed as:
The above first order condition can be simplified to
The above expression implies that state C will demand an optimal amount of water transfer from state B when the net marginal benefit of water transfer 
The above first order condition suggests that state B will charge a water transfer price such that the marginal revenue of water transfer 
The above expression suggests that if the marginal cost of water transfer is increasing and the demand for water transfer of state C is downward sloping, then state B will charge a higher price of water than state A. 
The first order condition is 
The above first order condition suggests that state A will charge a water transfer price such that the marginal revenue of water transfer Observing a higher price, state B will buy a lesser amount of water and charge a even higher price to state C for transfer of water. tradeoff between the same (see Figure 3) . Monopoly price of water charged by state A is at top of this Pareto improvement region (point F) and it is too high (see Figure 3) . State B faces high price of water and prefers to buy a lower amount of water. Amount of water purchase is at the left of this Pareto improvement region (the shaded region in Figure 3) hence it is too low, so the outcome is inefficient. Both the states profits will be increased if r and D were in the shaded region (say point E).
According to proposition 1, state B would charge an even higher price to state C for water transfer than state A would have charged to B, it would create further inefficiency as state C would buy even lesser amount of water.
We have seen that the uncooperative equilibrium produces an inefficient outcome.
There are other bargains where all the states can be made better off. If the game is repeated, the loss from non cooperation will accumulate and there will be strong incentives for both the states to reach an agreement better than the uncooperative equilibrium. Each year, states face scarcity of water and can re-negotiate the amount of water transfer and the price for it. Clearly, one could argue that choosing a cooperative solution is a much better outcome, so the states could implicitly create a mechanism that deters deviation from a cooperative outcome to reach a stable Pareto superior outcome.
The question remains whether it is better than the outcomes without market transfer? The answer to the question depends on how a market transfer will affect the water allocation of water scarce state C relative to the socially optimal allocation, and is demonstrated using Figure 4 . Let S 1 is the supply curve of water, which measures the marginal cost of water transfer of state B (see Figure 4) . The water demand that measures the marginal benefit of water consumption with no transaction cost is D 1 .
[Inset Figure 4]
According to the Coase theorem, the social planner will choose a water allocation on the Pareto efficient frontier that is equivalent to maximizing the joint benefits of the states from the water transfer (Coase 1960) . The joint benefits of the state B and C from the water transfer can be represented as
The efficient allocation of water between the states is determined by maximizing the above function subject to Figure 4 , the optimal water allocation by a social planner, state , to the latter state will be determined where MR 1 =MC (see Figure   4 ). State C will buy less and the outcome will be inefficient but still better than the outcome without any market based water transfer. The deadweight loss will be of the magnitude of the area of a triangle DEF. If state A charges a monopoly price for the water transfer to state B, then the latter state's marginal cost of transferring water will be higher for every unit of water transfer. State B will purchase less water and sell water at a higher price to state C .It will induce state C to buy even less water. The deadweight loss will increase further to GHF. The deadweight loss that arises from the states using monopoly power in setting up the price, gets larger as more and more states are involved in such market based water transfer.
As indicated in

Water Allocation through Cooperation
In a democratic set up of a country, even though there is limited scope for cooperation to resolve such water conflicts in a social planner's way, we know many states do care about each other and settle water conflict among them.
We hypothesize that if two states are ruled by members belonging to same political party, then an upstream water surplus state might recognize the welfare of downstream water scarce states and enforce their water claims. In such case water allocation decision between two states will be similar to that of a planner, who is responsible for integrated management of the river basins.
Considering such situation, we make an attempt to determine the allocation of transferred water between different states from river linking. We assume that relatively water abundant state incorporates some proportion of water deficient state's benefit function in its net benefit function where the weights are the altruistic concerns. The net benefit function of donor state A can be expressed as 
In the setting of river basin linkage as explained in section 3, state B solves the water allocation problem by solving (17), subject to the water availability constraint given in equation (1).
Given the net benefit function (17) , state B would choose the optimal share of water diversion, B α to state C. The first order condition is expressed as follows 
The first order condition of the maximization problem could be similar to that of the social planner's maximization problem, but the marginal benefits of state C from water consumption would be weighted by state B's altruism toward state C.
Solving the first order conditions produces the optimal share of water diversion by We consider that there are two national political parties M and N. These political parties or their regional ally parties dominate political governance in each federal state with different perspectives on domestic policies. The political parties campaign for votes in an election and consider that there is equal chance that one of the two parties can rule the government in a state. We also assume that the chance of winning an election is exogenously determined and independent of water allocation issues. Table 1 shows the different possible combinations of political party led governments in each state in a given year.
[Insert Table 1 , both state A and B will divert water unilaterally and maximizing their own welfare. In this case, as there are same political party in the states A and C, state A can influence the welfare of state C by diverting more water to state B. As the endowment of water increases in state B, the marginal cost of water consumption will increase. As a consequence state B would divert the excess water to state C. In such case state A would have to divert more than the optimal water consumption of state B.
In future, changes in political relationship between the two states can worsen the degree of altruism that could affect the share of water allocation. If there is hostile relationship between two states in future, the donor state could choose to unilaterally divert water, and make the recipient state worse off in terms of its net benefit. In the model, the probability that same political party would rule both the donor and recipient state is ½ under the condition that there is an equal chance for both the political parties to win an election of a state. It means that
In the four cases as mentioned, the optimal share of water transfer diverted by state A would be different and is based on the degree of political altruism with states B and C. Hence the expected payoffs of state A and B would be as follows Given the punishment scheme and
, the present discounted value of expected net benefits of state A and B would be 
In the case, state A deviates from the social planner's water allocation plan, the social planner imposes the punishment and the expected payoff of state A would be Similarly to deter deviance the punishment for state B can be designed as 
Simulation results:
In this section, we evaluate the case of water allocation between head, middle and tail states -Orissa, Andhra Pradesh and Tamil Nadu respectively under some of the prominent river links. In the framework of the theoretical model we discuss -what could happen if there is no cooperation among states compared to a situation when water is allocated as planned by a social planner.
The Table 2 shows the downstream water allocation from river basins, the corresponding states, and the enroute irrigated command area and capital costs. Much of the river basin wise data has been gathered from Amarasinghe and Srinivasulu (2009) . Table 3 shows the states ( head, middle, tail ) wise water availability and net gain from transfers as planned. It suggests that in the head state , Orissa per capita water availability is much higher compared to Andhra Pradesh and Tamil Nadu. The relative water scarcity justifies the notion of river linking to transfer the surplus water to the deficit river basins. [Insert Table2 & 3] The head state, Orissa, is planned to transfer 21 % of the total water availability to the downstream states. The middle state, Andhra Pradesh will transfer within state around 30 % of water from surplus river basin, Godavari, to the deficit basins, Krishna and Pennar; while only 7 % of the total water resource available in three river basins of the state was transferred downstream to tail end state, Tamil Nadu.
The net value of crop output per 1000 cubic meter is shown in table 3. It shows that marginal gain in the value of crop output from water in the middle and tail states are 2.5 and 7 times higher respectively than in the head state. After taking into consideration the capital costs , we find the net benefit of water transfer is even more lower in the head state compared to other downstream states.
The relevant policy question emerges-despite low individual economic return why the head state will agree to forgo water for the downstream states. In this section, we attempt to determine the optimal water share of water diversion by the recipient state under different political scenario as explained in the earlier sections. The net benefit function used in the simulation was constructed using the real data as provided by Amarasinghe and Srinivasulu (2009) .
In the simulation, we also calculate the penalty amount that the states would pay to the central autonomous authority in the case of deviation from the water allocation plan of the later. The optimal water allocation has been computed by simulation using excel. The results are shown in Table 4 .
[Insert Table 4]
The results indicate that head state, Orissa would divert 8.41% less water to Andhra Pradesh than planned if the political party ruling Orissa is not having any alliance with political parties of the other two states. However, in such situation (case 4) the tail state Tamil Nadu will be compensated by the middle state Andhra Pradesh for having political alliance. In case 3 , even though the middle state , Andhra Pradesh is having political opposition with members of the political party ruling the other two states, Orissa will compensates the middle state so that tail end state, Tamil Nadu is better off.
However, in such case the opportunity cost of transferring water is much higher for Orissa than in case 1, where water is allocated by a social planner or members of single national party ruling all the three states. As the present water consumption level is much below the optimal water consumption level in Andhra Pradesh, Orissa would have to divert much higher proportion of water to Andhra Pradesh to make Tamil Nadu meeting its water demand. Table 4 also list different penalty imposed on the states as a percentage of the gain in net benefit. It shows that the head state , Orissa will incur heavy penalty if it shares hostile political relationship with the other two states. For middle state, Andhra Pradesh the penalty is maximum in case 2, where the political party in power of the tail state is different from the other two states. In such case, the combined penalty of the donor states Orissa and Andhra Pradesh is also high compared to other cases.
Summary and Conclusion
In India, one of the world's largest democracies, interstate rivers have been both a focal point of creative institution building and a source of great contention.
The costs of these conflicts and the costs of failure to focus on the entire river basin are rising rapidly as water scarcity increases (e.g. Booker 1995 , Young 1995 , Howe 2005 . In India, an unambiguous institutional mechanism for settling interstate water does not exist (Iyer 1994; Richards and Singh 2002) . Thus, under the Government of India Act of 1935, extensive power over water development and management was given to the states, while the River Board Act of 1956 created river boards to develop and regulate interstate rivers. In this scheme, state governments have limited incentives to develop co-operative projects (Gundimeda and Howe 2008) .
The paper focus on India's River Linking project, and how such project could further multiply the intensity of conflicts between states.We attempt to do an ex ante analysis of the sharing of the transferred water between the donor and the recipient states.
We have developed two water transfer frameworks to analyze the allocation of water between states and river basins in India as a result of the proposed National River Linking project. The transfer of water from one state to another can be achieved either through a contractual agreement by which the state that receives water pays the donor state or through mutual consent arising from good political relationship between the states.
Even though no formal markets exits for trading surface water in India, one might argue that water market might have the potential to achieve voluntary, economically efficient transfers of water that can overcome rigidities of allocation system (Gundimeda and Howe 2008 ).
However we find that a market-based water transfer could lead to an inefficient outcome in the case where the number of buyer and seller of water are limited. The donor states could charge a much higher price and the buyer would buy less amount of water.
The result is a large deadweight loss. The loss could increase further if there are many states located in the middle between the initial donor of the water (the head state) and the final recipient state (the tail state). In such cases, the middle states will charge much and the tail end states will buy much lesser amount of water.
We also consider cases where water transfer may take place through cooperation between the states. In the context of river linking we find that with better relationship, the middle state could divert higher proportion of water even if the head state shares less water with the middle state.
Political relations can also influence the altruistic concerns of the states and thus can determine water allocation. We recognize the risk in benefit loss of water recipient states could stem from hostile political relationship between the donor and the recipient state. We find that, if a different political party is ruling the tail state, then it will be worse off as the head and middle state will jointly divert a much greater share of water. This is also the worst case scenario from a social planner's perspective. In such a case of political hostility, the initial donor (or head) state has the opportunity to divert water unilaterally and the cost of water transfer could outweigh the benefits. To prevent such an outcome from occurring, a central autonomous authority could play a crucial role.
The central authority could facilitate an efficient allocation of water through credible threat of imposition monetary fines which depends on the gain in deviation.
Unlike in the present scheme where there is little incentive for states to co-operate, central autonomous authority can promote cooperation among states through making the action of unilateral diversion of water from non cooperation more costly. Singh (2008) argued that inter state water disputes have to be disentangled from the general interstate conflict and from other political pressure. Mitra (2007) also noted that given the influence of politics on the efficacy of the existing statutory mechanism, a new paradigm for dispute resolution is required. An autonomous central authority will help to decouple water conflicts issues from other conflicting issues of the states. It can lead to conflict resolution and efficient allocation of water that could be sustaining in the long run. 
